Background A third-generation TKA system was designed to address problems encountered with earlier designs including a high rate of patellofemoral complications. At a minimum of 5 years, we previously reported survivorship of 98.7% using revision for any reason as the endpoint for a cohort that includes the patients described in this report. That cohort was unique in that a tibial component that uses four short pegs for fixation was used in a subset of patients undergoing cruciate-retaining TKA and the tibial and femoral components were precoated with polymethylmethacrylate. Questions/purposes We now report the survival rate, postoperative function, complications, radiographic loosening, and osteolysis at a minimum of 10 years postoperatively. Patients and Methods We retrospectively reviewed 161 patients who underwent 179 TKAs. The patella was resurfaced in all cases and all components were cemented. Patients were evaluated clinically and radiographically for evidence of component loosening and osteolysis. Forty of the 161 patients (with 44 TKAs) had died and eight patients (nine knees) were lost to followup. For the remaining 113 patients (126 knees), the minimum followup was 10 years (mean, 11.7 years; range, 10.0-13.9 years). Results Survivorship at a minimum of 10 years postoperatively using revision for any reason and revision for aseptic loosening were 97.7% and 100%, respectively. Three knees were revised: one for infection, one for periprosthetic fracture, and one for postoperative arthrofibrosis. There were no reoperations for patellar component maltracking, wear or loosening, tibiofemoral polyethylene wear, osteolysis, or aseptic loosening. Hospital for Special Surgery scores improved from a mean of 47.7 (range, 23-78) preoperatively to 85.4 (range, 33-
Introduction
TKA reliably relieves the pain of end-stage knee arthropathy [26, 35, 42, 46] . Although numerous reports describe the long-term results of TKA, many of the systems described are not currently in use [1, 2, 16, 18, 39, 44, 50] . Of greater utility would be long-term reports of currently used prostheses developed to address issues associated with earlier implants.
Bozic et al. reported the comparative results of cruciate-retaining and cruciate-substituting TKA using the Nexgen 1 knee arthroplasty system (Zimmer, Inc, Warsaw, IN) at intermediate-term followup [8] . This system was designed to address issues identified with previous designs (Miller- [45] . Specifically, the use of a metal-backed patella and a nonanatomic femoral component in the earlier designs led to a high incidence of patellar maltracking and full-thickness wear of the metal-backed patella with subsequent damage to the femoral component and a high rate of patellar component loosening. The third-generation design includes a threepegged, all-polyethylene patellar component and a femoral component with a deeper, more anatomic femoral trochlea. Further, the instrumentation was improved to facilitate appropriate external rotation of the femoral and tibial components to enhance patellofemoral tracking. This system also is unique in that the tibial component uses four short pegs for fixation (as opposed to a keel or stem) and the cemented tibial and femoral components are precoated with polymethylmethacrylate (as were the cemented versions of the MGI and MGII) in an attempt to enhance component fixation. Some midterm reports suggest improved survival of this device relative to earlier implant designs [9, 22, 25, 28, 30] . The study by Bozic et al. also confirmed high survivorship of this design at a mean 5.8 years postoperatively [8] .
The purpose of our study was to evaluate the longerterm results of a subset of patients, previously reported, who had a cruciate-retaining prosthesis and a tibial component with four short pegs implanted for fixation at a minimum of 10 years postoperatively. In particular, we sought to determine: (1) implant survivorship, (2) clinical function, (3) rate of complications including patellofemoral complications, and (4) radiographic osteolysis and implant loosening.
Patients and Methods
Between July 1994 and July 1997, four of us performed 334 TKAs in 287 patients. During this period, all patients with an intact posterior-cruciate ligament and less than 20°p reoperative flexion contracture were considered candidates for a cruciate-retaining (NexGen 1 ) implant. Patients who did not meet these criteria underwent arthroplasty using a posterior-stabilized or constrained implant. One hundred sixty-seven (186 knees) of the 287 patients thus underwent replacement with the NexGen 1 cruciateretaining prosthesis. All tibial baseplates used the same modular locking mechanism for the net-molded UHMWPE insert manufactured from 1900H resin. The tibial component in six patients (seven knees) was stemmed, leaving 161 patients (179 knees) who had a four-pegged tibial component available for study. Of the 18 bilateral procedures, 11 were performed simultaneously, and seven were staged at a minimum of 6 weeks apart (range, 6-10 weeks). There were 101 women and 60 men with a mean age of 64.2 years (range, 25.9-85.2 years) at the time of surgery. Mean patient height and weight were 66.2 inches (range, 59-76 inches) and 186 pounds (range, 119-303 pounds), respectively. The predominant diagnosis was osteoarthritis (128 patients; 80.0%), followed by rheumatoid arthritis in 11 (6.8%), avascular necrosis in four (2.5%), posttraumatic arthritis in three (1.9%), and other diagnoses in 15 (9.3%). Forty patients (44 knees) had died before the 10-year followup and eight (nine knees) were lost to followup. For the remaining 113 patients (126 knees), the minimum followup was 10 years (mean, 11.7 years; range, 10.0-13.9 years). The families of the 40 patients who had died were contacted and none of these patients had undergone a revision procedure before death. Forty-three patients (51 knees) were seen in our clinic at last followup, and 70 patients (75 knees) underwent remote clinical evaluation either by a local orthopaedic surgeon, a telephone evaluation, or a mailed questionnaire that included the portions of the Hospital for Special Surgery (HSS) knee score that can be self-reported (including pain, walking ability, and the use of an assist device) along with a written prescription for radiographs to be sent to our office.
Surgery was performed by one of four surgeons (AGR, JJJ, RAB, JOG). Femoral and tibial components were precoated with polymethylmethacrylate, and a pressurizing gun was used for cementation in all cases. All patellae were resurfaced with a cemented all-polyethylene component with three pegs. A standard medial parapatellar arthrotomy was performed in all cases. All components were implanted using a measured resection technique, followed by appropriate soft tissue balancing. The femoral valgus cut angle was measured using an intramedullary guide, and proper external rotation of the femoral component was assessed using a guide that referenced the posterior condylar axis combined with bony landmarks (including Whiteside's line and the epicondylar axis). The tibial resection was performed using a standard extramedullary alignment guide. The postoperative protocol was identical in each case, including anticoagulation with warfarin for 4 weeks and prophylactic antibiotics for 48 hours postoperatively.
Patients were evaluated postoperatively at 3 weeks, 6 weeks, 3 months, 6 months, and then yearly. Annual clinical evaluation was performed using the HSS knee score [20] . This score assigns points based on pain, function, ROM, quadriceps strength, deformity, and instability (100 points total). A completed score at a minimum 10-years postoperatively was available for the 43 patients (51 knees) who returned to our office for a physical examination.
Radiographic evaluation was performed preoperatively and 6 weeks postoperatively using a full-length mechanical axis view, standing AP, lateral, and Merchant views. Standing AP, lateral, and Merchant views were obtained annually thereafter. Radiographs were evaluated by one nontreating surgeon (AJS) for component positioning and the presence of radiolucent lines 1 mm or greater in width as measured with a digital radiographic system [13] . Serial radiographs were examined for evidence of osteolysis, defined as a radiolucency with a minimum diameter of 10 mm in at least one dimension and 5 mm in diameter in the second dimension, loss of trabeculation, and the presence of a sclerotic rim [37] . Radiolucencies were categorized as progressive or nonprogressive based on lucency width and extent on serial films and localized according to the anatomic zones of the Knee Society Total Knee Arthroplasty Roentgenographic Evaluation and Scoring System [13] . The Insall index was determined on the lateral projection, defined as the ratio of the length of the patellar tendon on its deep surface to the greatest diagonal length of the patella [21] . Radiographic data at a minimum of 10 years were collected for 63 of the 179 knees (35.2%) ( Fig. 1 ).
Kaplan-Meier survivorship analysis [24] was performed using revision for any reason and revision for aseptic loosening as end points; data from all 161 patients and 179 knees were used in this analysis at the time of the last evaluation. A separate survival analysis was performed, which included the eight patients (nine knees) lost to followup and which assumed all prostheses failed in the patients lost to followup.
Results
For the 161 patients (179 knees) Kaplan-Meier survivorship analysis revealed 97.7% (95% confidence limit, 96.3%-99.0%) survivorship at a minimum of 10 years postoperatively using revision for any reason as the end point and 100% using revision for aseptic loosening as the end point ( Fig. 2) . Assuming all nine knees in the eight patients lost to followup failed owing to aseptic loosening, the worst-case scenario analysis revealed a 10-year implant survivorship of 92.4% (95% confidence limit, 90.1%-94.7%) using revision for any reason as the end point and 94.6% (95% confidence limit, 92.6%-96.6%) using revision for aseptic loosening as the end point ( Fig. 3) .
Functional analysis for the entire cohort at the time of the last physical examination revealed improved ROM from a mean preoperative flexion contracture of 5.8°( range, 0°-20°) to a mean of 0.6°(range, 0°-15°) extension at the time of the most recent clinical followup (mean, 8.9 years; range, 1.1-13.2 years). The mean preoperative flexion of 107.6°(range, 75°-140°) improved to a mean of 116.2°(range, 85°-130°) postoperatively. HSS knee scores for patients who had a complete evaluation at a minimum 10-years postoperatively improved from a mean of 47.7 (range, 23-78) preoperatively to a mean of 85.4 (range, 33-100). Five knees in five patients had a score less than 70, or patients reported the inability to walk on the selfreported evaluation; all five cited arthritis in another joint as a factor limiting their ability to ambulate. Two of these five patients also had a major comorbidity, including disseminated cancer in one and peripheral arterial disease in another, as limiting their ambulatory capacity. The remaining three patients had manipulation under anesthesia after the index arthroplasty for poor postoperative ROM. At the most recent followup, two of these patients had full extension and flexion to 110°and 130°, respectively. The remaining patient had multiple patellar realignment procedures before the index arthroplasty, and at her most recent followup, she had a 10°flexion contracture and additional flexion to 85°.
Complications occurred in 24 of the entire cohort of 161 patients (14.9%). Two complications occurred intraoperatively, including one laceration of the medial collateral ligament, which was repaired primarily and treated with a hinged knee brace for 6 weeks, and one fracture of the medial femoral condyle, which was treated with screw fixation at the time of surgery. Seven knees (3.9%) had manipulation under anesthesia for poor ROM. A deep venous thrombosis was diagnosed in four knees (2.2%), and a hematoma developed in three knees (1.7%); all were treated nonoperatively. Two patients (1.2%) experienced a postoperative ileus and a gastrointestinal ulcer respectively, which both eventually resolved. Six knees (3.4%) underwent reoperation during the followup period; the components were retained in three of six knees. The three component revisions included one two-stage exchange for a deep infection, one revision for stiffness, and one supracondylar femur fracture treated with a modular tumor endoprosthesis (the components were well-fixed intraoperatively). The three remaining reoperations included one irrigation and débridement for an early postoperative infection, one periprosthetic femur fracture treated with a retrograde intramedullary nail, and one arthroscopic arthrolysis for postoperative stiffness; all three components were retained. There were no reoperations or specific complications related to the patellofemoral joint or to wear of the bearing surface.
Nonprogressive radiolucencies were identified on radiographs in association with 21 of the 63 tibial components (33.3%) and eight of the femoral components (12.7%). The majority of radiolucencies surrounding the tibial and femoral components were seen in Zones 1 and 4, respectively. No components were radiographically loose and osteolysis was not identified in any patient. The mean Insall ratio was 0.79 (SD, 0.14; range, 0.6-1.2), and the mean valgus angle was 3.58°(SD, 2.05°; range, 0°-6°). The mean patellar tilt was 0.85°(range, 0°-4°), and the mean lateral displacement was 1.34 mm (range, 0-4 mm).
Discussion
The contemporary prosthesis used in our study was developed to improve implant survival, wear behavior, and address problems associated with earlier implants, including high rates of patellofemoral maltracking and loosening. The purposes of this study were to determine the outcomes of primary TKA using this implant with a focus on identifying patellofemoral and wear-related complications (including osteolysis), overall survivorship, and clinical outcomes. We previously reported results for a larger cohort of patients at a minimum of 5 years [8] (that included the subset of patients described in this report) and wanted to ensure that durable results were obtained at a minimum of 10 years. Our study has several limitations. First, eight patients (nine knees) were lost to followup. Assuming all nine knees in these eight patients lost to followup failed owing to aseptic loosening, the worst-case scenario analysis revealed 10-year implant survivorship rates of 92% and 95% using revision for any reason and for aseptic loosening, respectively, as end points. Six of the eight patients (seven of nine knees) were seen within 3 years of the time of this investigation and at that time none of these patients had undergone a reoperation or revision, and none had experienced a complication. Second, we did not have minimum 10-year followup radiographs for all 179 knees, and it is possible radiographic findings (such as osteolysis) may have been identified and thus underestimated in our study. We have made the assumption in our survival analysis that these implants were not loose, malfunctioning, or in need of revision. Further, not all patients were seen physically by one of the authors at a minimum of 10 years, with 70 of the 113 patients living far enough from our offices that a telephone questionnaire and/or physical examination by another physician was used for the analysis, and based on the lack of a complete physical examination, a complete HSS knee score could not be calculated at a minimum of 10 years for all patients included in this study. Finally, outcomes such as ROM measurements and the radiographic analysis did not have multiple observers and may be subject to interobserver variability.
There are few long-term studies available to document the longevity of contemporary cruciate-retaining total knee implants (Table 1) [3, 4, 7, 14, 41, 43, 52] . Our results compare favorably with those of prior studies with 98% and 100% survivorship rates with revision for any reason and aseptic loosening as end points at 10 years. The system described in this series is unique in that it incorporates the use of a four-pegged tibial design. Potential advantages of this design include preservation of proximal tibial bone, ease of preparation and component insertion, and the potential for reduced stress shielding of the proximal tibia by avoiding fixation deep in the tibial metaphysis [5, 11, 29, 32, 51] . Although the use of polymethylmethacrylate precoating has been associated with problems when used for a cemented femoral stem of a THA [36, 48] , in this series aseptic loosening of precoated tibial and femoral components was not seen. A cement gun was used in all cases and proper pressurization and meticulous cementation technique may be additional factors in achieving durable long-term implant fixation [40] .
Functional results after TKA in our series were comparable to results in other long-term studies of contemporary cruciate-retaining implants ( Table 1 ).
There were no reoperations or revisions owing to issues related to the patellofemoral articulation in this series. This is in contrast to previous experience with firstgeneration implants, especially those with a metal-backed patella and a nonanatomic femoral trochlea, which had a higher incidence of component loosening, patellofemoral maltracking, and surface abrasion of a well-fixed femoral component secondary to wear-through of the metal-backed patella [45] . The all-polyethylene, threepegged patellar component, used in conjunction with a deeper femoral trochlea and improved understanding of femoral and tibial component rotation, provided reliable long-term survival.
In our series, there were no complications attributable to wear or failure of the modular insert and osteolysis was not identified among the portion of the cohort who had radiographs at a minimum of 10 years. Although the orthopaedic literature is mixed regarding the wear-related effects of cruciate retention versus substitution [10, 12, 17, 23, 27, 31, 33, 34, 47, 49] , two studies identified osteolysis and wear problems associated with a posterior stabilized design [15, 37] . In addition to shape, the properties of the polyethylene constitute one of the critical variables affecting wear of the tibial insert. The devices used in our series incorporated net-molded UHMWPE, a material that reportedly has superior wear characteristics [6, 19] .
We report the longer-term outcomes of a series of patients who underwent cruciate-retaining cemented TKA using a third-generation design with four short pegs for tibial fixation. At a minimum 10-year followup, this implant continues to provide reliable clinical function with a low risk of revision or reoperation. 
